Introduction
============

Schizophrenia is a chronic, neurodevelopmental disorder also involving neurodegenerative mechanisms, characterized by alternating periods of full or partial remission and frequent relapses (return of symptoms after at least partial recovery).[@b1-ppa-7-1171] Evidence suggests that with each relapse, the time required to reach remission is extended.[@b2-ppa-7-1171],[@b3-ppa-7-1171] Much of the clinical and psychosocial deterioration that is typical of schizophrenia occurs within the first 5 years following the onset of the disease.[@b4-ppa-7-1171] Despite the availability of effective typical and atypical antipsychotic drugs for acute and chronic treatment of schizophrenia, 80% of patients relapse within 5 years, and suicide occurs in up to 10%.[@b5-ppa-7-1171],[@b6-ppa-7-1171] The relapse rate in first-episode schizophrenia is 16% during the first year of illness, but rises to \>50% at 2 years and \>70% at 5 years.[@b6-ppa-7-1171],[@b7-ppa-7-1171] The most common cause of relapse in treated schizophrenia is poor adherence to oral medication, where adherence is generally defined as the extent to which a patient takes medication as prescribed.[@b8-ppa-7-1171] Consequently, intensive interventions are essential to increase adherence and prevent relapse, and restore social functioning in order to improve the long-term prognosis. Long acting injectable (LAI) antipsychotics have been universally proposed as an effective tool for improving adherence,[@b2-ppa-7-1171],[@b6-ppa-7-1171] although the rate of use in the schizophrenia population remains low.

The present paper provides the readers with a comprehensive and up-to-date review of research reporting LAI effects on various outcome categories with the aim of increasing clinician awareness of a much underutilized tool in the treatment of schizophrenia. LAIs have been studied utilizing a wide range of methodologies ([Table 1](#t1-ppa-7-1171){ref-type="table"}), such as retrospective, observational, open-label, and randomized controlled trials (RCTs). While an in-depth critique of research design is beyond the scope of this paper and can be found elsewhere,[@b9-ppa-7-1171] the topic of nonadherence presents unique methodological challenges that will be addressed. This paper begins with a review of studies on the overall effects of medication non-adherence in schizophrenia, and then outlines data on the impact of LAIs on more specific outcomes, such as clinical, quality of life (QoL), and economic. The last section before the conclusion discusses barriers, attitudes, and beliefs affecting the use of LAIs for treating schizophrenia.

Impact of medication adherence on schizophrenia
===============================================

Medication nonadherence and treatment discontinuation are common occurrences in schizophrenia. The rate of medication discontinuation during the first year after a first episode of psychosis ranges from 26% to 44%,[@b10-ppa-7-1171]--[@b12-ppa-7-1171] while in the Clinical Antipsychotic Trials for Intervention Effectiveness (CATIE) trial the discontinuation rate was as high as 74%.[@b13-ppa-7-1171] Poor adherence was reported in 59% of patients within the year after the first episode of psychosis.[@b14-ppa-7-1171] As many as two-thirds of patients are at least partially nonadherent to oral schizophrenia medication.[@b6-ppa-7-1171] These figures are also validated in large studies, such as a retrospective analysis of over 46,000 psychotic patients from a large insurance database, which found a high rate of antipsychotic medication discontinuation.[@b15-ppa-7-1171] Those who discontinued medication and then restarted therapy were more likely to discontinue again. Moreover, a population-based study of 6,662 patients found that one-third had discontinued antipsychotic therapy after 1 year, but even among the two-thirds who remained on therapy at 1 year, 20% were nonadherent.[@b16-ppa-7-1171]

Nonadherence to antipsychotic medication represents not only an important clinical problem but also an economic burden in the treatment of schizophrenia,[@b17-ppa-7-1171]--[@b19-ppa-7-1171] as it is associated with more frequent relapses, increased rates of hospital admission and rehospitalization, and persistence of psychotic symptoms.[@b10-ppa-7-1171] In contrast, treatment adherence may avoid rehospitalization and reduce relapses.[@b20-ppa-7-1171]

More specifically, many studies have reported poor outcomes associated with nonadherence to antipsychotics. Patients enrolled in a 3-year prospective trial of antipsychotic therapy were evaluated for predictors of adherence.[@b21-ppa-7-1171] Among over 6,700 patients followed for 3 years, 71% were adherent, and predictors of nonadherence were substance abuse and previous hospitalization. Nonadherence was associated with increased rates of relapse, hospitalization, and suicide. Morken et al studied 50 patients with schizophrenia or related disorders who were evaluated for the impact of adherence or nonadherence on psychotic symptoms, relapse, and hospital admission over a 24-month period.[@b10-ppa-7-1171] Nonadherence was associated with significant (*P*\<0.05) increases in relapse and hospitalization, and persistence of psychotic symptoms. The effect of nonadherence to antipsychotic medication was examined in an 8-week study of patients with schizophrenia or schizoaffective disorder.[@b8-ppa-7-1171] Compared with patients who were adherent to medication, patients who had higher medication-discontinuation rates (40.8% versus \[vs\] 24.5%, *P*\<0.001) experienced less symptom improvement and lower response rates.

Adherence was evaluated in a geriatric population of schizophrenic patients who were followed for 3.5 years.[@b22-ppa-7-1171] Overall adherence was 66%. Nonadherence was identified as an early event after initiating antipsychotic treatment, which suggests that patients who are adherent at 6 months are more likely to remain adherent.[@b22-ppa-7-1171] Ascher-Svanum et al examined the effect of adherence on outcomes in more than 1,900 schizophrenia patients over a 3-year period.[@b23-ppa-7-1171] The overall adherence rate was 77%. At 3 years, nonadherence was associated with an increased risk of hospitalization, greater use of psychiatric emergency services, and impaired mental functioning and satisfaction with life. Nonadherence to antipsychotic medication in the first year of the study was a predictor of poor outcomes later.

As will be outlined in the following sections, a significant body of research suggests that better medication adherence resulting from the use of LAIs improves outcomes.

LAIs and schizophrenia outcomes
===============================

This section will review specific data from LAI studies evaluating relapse and hospitalization rates, use in early treatment, functional outcomes, utilization of health care resources, and QoL.

Relapse and hospitalization rates
---------------------------------

Zhornitsky and Stip reviewed randomized and naturalistic studies comparing LAIs versus oral antipsychotic medications for treating schizophrenia to assess the efficacy and tolerability of LAIs.[@b24-ppa-7-1171] Overall, LAIs were associated with a lower rate of relapse versus oral antipsychotics, and the benefits of LAIs were greater in naturalistic studies.

The Electronic Schizophrenia Treatment Adherence Registry (e-STAR) is an international, multicenter, prospective, observational registry to assess the use of LAIs in patients with schizophrenia or schizoaffective disorder in a clinical practice setting. Discontinuation rates, hospitalization, functional outcomes, and costs of therapy are among the results reported from this study.[@b25-ppa-7-1171]--[@b27-ppa-7-1171] A total of 1,659 patients completed the study.[@b25-ppa-7-1171] At 12 months after switching from oral to LAI antipsychotics, the percentage of patients who did not require hospitalization (89.1% vs 67.0%) and did not relapse (85.4% vs 47.8%) was higher with LAIs than with oral antipsychotics.[@b26-ppa-7-1171] Cost-effectiveness per month per patient was lower for LAIs than for previous antipsychotic medication among patients who were defined as without hospitalization, without relapse, or without hospitalization and without relapse. At the 24-month follow-up, 81.8% of patients on LAIs versus 63.4% on oral antipsychotics had remained on therapy (*P*\<0.0001) and a significantly (*P*=0.0165) greater reduction in Clinical Global Impression -- Severity scores occurred with LAIs.[@b27-ppa-7-1171] Compared to the baseline period, those on LAIs had significantly (*P*\<0.05) greater reductions in the number and days of hospitalization. At 24 months, only 15% of patients had discontinued LAIs for insufficient response (28.5%), patient/family choice (26.1%), adverse events (9.6%), and unacceptable tolerability (6.0%).[@b25-ppa-7-1171] At 24 months, Global Assessment of Functioning scores improved significantly (*P*\<0.001) with LAIs versus baseline, and mean scores for those who discontinued LAIs were lower than for those who completed (55.4 vs 67.2). Compared to baseline, greater reduction in hospitalizations (66.2% reduction vs 29.2%) and in the length (68% reduction vs 0%) and number (80.0 vs 14.3) of hospital stays were observed for those who completed therapy versus those who discontinued LAIs, and these differences remained at 24 months.

Other studies have found similar beneficial results with the use of LAIs. Offord et al identified patients from a claims database with schizophrenia who initiated therapy with either LAI or oral antipsychotics.[@b28-ppa-7-1171] At the 12-month follow-up, those initiating LAI versus oral antipsychotics (n=2,610) had significant (*P*\<0.001) reductions versus baseline in the mean number of all-cause hospitalizations, schizophrenia-related hospitalizations, and length of hospital stay. Similarly, Peng et al examined schizophrenic patients in a large claims database for the impact of initiating LAIs on outcomes.[@b29-ppa-7-1171] After starting LAIs, the hospitalization rate declined from 49.7% to 22.4% (*P*\<0.001), and the duration of hospitalization declined from 7.3 to 4.7 days. Total health care costs declined significantly (*P*\<0.05), mostly as a result of decreased hospitalization. Tiihonen et al evaluated the risk of rehospitalization and medication discontinuation from a database of patients hospitalized with a first episode of schizophrenia.[@b30-ppa-7-1171] Use of an LAI versus an oral antipsychotic was associated with a significantly (*P*=0.007) lower risk of rehospitalization from relapse.

Ren et al studied patients who initiated LAIs in a Veterans Administration clinic for psychiatric outpatient visits and hospitalizations.[@b31-ppa-7-1171] Among 924 patients, the number of psychiatric-related outpatient visits increased from 24.6 to 39.1 (*P*\<0.001), the number of psychiatric hospitalizations decreased from 1.4 to 1.0 (*P*\<0.001), and the average inpatient length of stay was reduced from 20 to 14 days (*P*\<0.001). The proportion of patients who experienced at least one psychiatric-related hospitalization decreased from 68.9% to 45.7% (*P*\<0.001), and the proportion with two hospitalizations decreased from 34.9% to 24.4% (*P*\<0.001).

Patients who are nonadherent with oral antipsychotics are less likely to discontinue their medication for any cause when treatment is initiated with LAIs.[@b32-ppa-7-1171],[@b33-ppa-7-1171] A post hoc analysis from a 1-year prospective study from Brnabic et al evaluated outpatients with schizophrenia who were felt to be at risk for poor adherence with oral antipsychotics.[@b32-ppa-7-1171] Patients who were switched to LAI formulations were less likely to discontinue medication (*P*=0.033) and discontinued later (*P*=0.025) compared with patients on oral antipsychotics. Patients considered to be nonadherent on oral medication were less likely to discontinue LAIs for any reason.

Zhu et al assessed time to discontinuation for LAI versus oral antipsychotics in a 3-year prospective trial of schizophrenia patients.[@b34-ppa-7-1171] Patients on LAIs were at least twice as likely to remain on medication, and use of an LAI versus oral antipsychotic was associated with a longer time to discontinuation.

Despite the benefits from LAIs reported in most studies, some studies have failed to demonstrate outcome differences between LAIs and oral antipsychotics. For instance, in a prospective, randomized study, Rosenheck et al compared outcomes in 369 patients in the Veterans Affairs system with schizophrenia or schizoaffective disorder and at high risk for hospitalization after treatment with LAI or oral antipsychotics for 2 years.[@b35-ppa-7-1171] There was no difference in hospitalization rates, psychiatric symptoms, QoL, or global functioning between treatment groups. A systematic review by Haddad et al of first-generation LAIs found inconsistent evidence of benefits of LAI versus oral antipsychotics, although LAIs were associated with lower discontinuation rates.[@b36-ppa-7-1171] A recent meta-analysis of second-generation LAIs found no evidence of superiority of LAIs over oral antipsychotics.[@b37-ppa-7-1171] A modest benefit was observed for improvement in psychotic symptoms with LAIs versus placebo, but the benefits occurred with an increased incidence of extrapyramidal side effects. Kishimoto et al reported a meta-analysis of randomized controlled trials comparing LAIs with oral antipsychotics, and found that second-generation LAIs and oral drugs were similar for relapse prevention, discontinuation rate, hospitalization, and medication nonadherence.[@b38-ppa-7-1171] In contrast to nonrandomized studies that suggest LAI superiority over oral antipsychotic administration, RCTs have not consistently shown such difference. This discrepancy has been addressed by Kane et al[@b39-ppa-7-1171] and Kirson et al,[@b9-ppa-7-1171] who review the methodology utilized in LAI studies. For instance, while RCTs are considered the gold standard of research design, their application to the topic of adherence may present a methodological issue that could obscure the very question they are attempting to answer. This is because in strictly controlled research conditions, both comparison groups (oral vs LAI) tend to comply with the treatment regimen in ways that are better than real-world clinical practice. As a result, the increase in adherence by the group on oral antipsychotics under these research conditions could potentially be the reason why differences between oral and LAI regimens are minimized. In other words, the usually nonadherent group of patients on oral medication is underrepresented (patients are more adherent) due to laboratory settings. In order to resolve the discrepancy, Kane et al propose conducting further studies taking into account this potentially confounding variable.[@b39-ppa-7-1171]

Early treatment
---------------

Treatment resistance and the deteriorating condition that develops in patients with chronic schizophrenia may occur because of a deficiency in intracortical myelination, which may be at least part of the underlying etiology of schizophrenia.[@b40-ppa-7-1171],[@b41-ppa-7-1171] Early in the treatment of schizophrenia, antipsychotic medication results in an initial increase in frontal lobe intracortical myelin volume, followed by a decrease in myelin volume during chronic disease.[@b40-ppa-7-1171] This pattern of intracortical myelin decline in chronic schizophrenia has been attributed to medication nonadherence, and perhaps could be altered with the use of LAIs. In a clinical study, intracortical myelination volume increased significantly (*P*=0.005) with an LAI but not with oral antipsychotics in schizophrenic patients compared with healthy controls.[@b40-ppa-7-1171] Patients receiving LAIs had greater medication adherence and increases in intracortical myelination (*P*\<0.05) compared with healthy controls. These results suggest that LAIs may promote intracortical myelination and possibly a neuroprotective effect, as a result of better adherence to medication or variations in the pharmacokinetic profile of LAI versus oral antipsychotics. Findings from a recent study support the importance of treatment adherence and initiating therapy early after onset of illness.[@b42-ppa-7-1171] Patients with first-episode schizophrenia were evaluated with magnetic resonance imaging to determine the relationship between relapse and brain-tissue loss. The duration of relapse was related to significant decreases in total and regional (frontal) brain volumes over a 7-year follow-up period.

A systematic review was conducted of studies reporting the effects of LAIs for the early treatment of schizophrenia.[@b43-ppa-7-1171] From ten studies (cohort, randomized, or open) that met the criteria, LAIs were found to be effective for early schizophrenia. The authors concluded that LAIs improved symptom control and reduced the risk of relapse, especially when medication adherence was a concern or when the patient made the decision to use LAIs.

A recent double-blind, randomized trial evaluated whether early response (≥30% improvement by week 4 in Positive and Negative Syndrome Scale \[PANSS\]) to LAIs predicted subsequent response (≥40% improvement).[@b44-ppa-7-1171] Among 233 patients with schizophrenia, early response versus nonresponse predicted subsequent response to the LAIs, and early responders experienced significantly better clinical and functional outcomes (*P*≤0.01). These findings suggest that there could be a very important role for LAIs in the treatment of early schizophrenia when traditionally these agents have been reserved for more advanced cases.

Health care resource utilization
--------------------------------

An important consideration with any behavioral health therapy is the impact on medical resource utilization and health care costs. Crivera et al evaluated medical resource utilization in an observation study of 435 schizophrenia patients who were started on an LAI.[@b45-ppa-7-1171] At a 24-month follow-up, a significant (*P*\<0.001) decrease from baseline was observed in the number of hospitalizations and emergency room visits. Hospitalization for any reason decreased by 41%, and for psychiatric reasons by 56%; emergency room visits decreased by 40%. In another study, medical records were reviewed to determine the impact of switching to LAIs on inpatient costs of care.[@b46-ppa-7-1171] In the 12 months after the LAI was initiated, 40 fewer hospitalizations were recorded compared to the 12-month period before LAI use. Lin et al assessed the impact of initiating treatment with LAIs or a broad range of oral antipsychotics on health care costs and adherence using a Medicare database.[@b47-ppa-7-1171] Although drug costs were significantly (*P*\<0.001) higher with LAI use, inpatient and outpatient health care costs were significantly (*P*\<0.001) lower with LAIs, while medication adherence was significantly higher (*P*\<0.001) with LAI versus oral antipsychotics. Research on schizophrenic subjects covered by Medicaid who initiated treatment with an LAI revealed significantly (*P*\<0.001) reduced overall and schizophrenia-related hospitalizations, length of stay, and hospital charges.[@b48-ppa-7-1171] After starting the LAI, annual total schizophrenia-related costs were reduced by \$5,576, and hospital costs were reduced by \$7,744. Data from a large, prospective interventional trial of over 2,000 schizophrenia patients found that good medication adherence was associated with lower utilization of health care services and increased utilization of group therapy.[@b17-ppa-7-1171] Psychiatric hospitalization rates were significantly (*P*\<0.001) lower among adherent patients.

The benefit of administering LAIs was determined in patients with schizophrenia using a model created to estimate the benefits of longer intervals between injections.[@b49-ppa-7-1171] Results of the model showed that administration every 3 months was less costly than monthly LAI and daily oral therapy. Extending the interval to 6 and 9 months further decreased the costs of therapy. The authors suggested that less frequent administration would be associated with better adherence and persistence and reduced opportunities to discontinue therapy.

Quality of life
---------------

QoL is an important parameter in assessing the overall benefit of a specific treatment, particularly for chronic conditions. Studies of patients switched from oral to LAI antipsychotics or those initiated on LAIs reported significant improvements in schizophrenia symptom control, QoL, satisfaction, and functioning.[@b50-ppa-7-1171]--[@b52-ppa-7-1171] Following unsatisfactory treatment with oral antipsychotics, 182 schizophrenia patients were switched to LAIs for 6 months.[@b50-ppa-7-1171] Compared with baseline, significant (*P*\<0.05) improvement over 6 months was observed for the PANSS total and subscale scores. In addition, significant (*P*\<0.05) improvements in Global Assessment of Functioning, health-related QoL, and patient satisfaction were observed. The effects of LAIs on functional improvement and QoL were evaluated in an 8-week randomized, double-blind, placebo-controlled trial of 404 schizophrenic inpatients.[@b53-ppa-7-1171] Significant (*P*\<0.01) improvements with LAIs versus placebo were observed in QoL and Short Form (36) Health Survey total and subscale scores.

Macfadden et al evaluated the effectiveness of LAIs on QoL and functioning in a 24-month, prospective, observational study of 532 schizophrenia patients.[@b52-ppa-7-1171] After initiating therapy with LAIs, patients reported improvements at 3 months that persisted to the end of the 24-month follow-up. Improvements were observed in Global Assessment of Functioning, Strauss--Carpenter Levels of Functioning, Personal and Social Performance, and health status.

An analysis of clinical outcomes from the Switch To Risperidone Microspheres (StoRMi) trial was undertaken in schizophrenia patients who were switched from oral or first-generation LAIs to second-generation LAIs for lack of efficacy, side effects or noncompliance.[@b51-ppa-7-1171] After 6 months, improvements over baseline were observed with second-generation LAIs for symptoms, Global Assessment of Functioning, QoL, treatment satisfaction, and hospitalization rates. In a separate analysis from the StoRMi trial, symptomatic and functional improvements were evaluated in 529 patients with stable psychotic disorders who were switched from oral to LAI antipsychotics.[@b54-ppa-7-1171] After 18 months, 20% of patients experienced a combined improvement in symptoms, functional outcome, and QoL. Schizophrenia patients who were clinically stable on oral antipsychotics were switched for lack of efficacy, side effects, or noncompliance to LAIs for 6 months.[@b55-ppa-7-1171] The PANSS total and subscale scores improved significantly (*P*\<0.001) at 6 months. Compared with baseline, Global Assessment of Functioning, health-related QoL, and patient satisfaction also improved significantly.

Osborne et al determined the impact of 2-week, 4-week, and 3-month treatment intervals for an LAI.[@b56-ppa-7-1171] Improved QoL was observed with an increasing time interval between injections. The 2-week, 4-week, and 3-month intervals were significantly different from each other, with the highest QoL scores observed with the 3-month interval between injections.

Barriers to use of LAIs in schizophrenia
========================================

Utilization of LAIs by clinicians in the US is markedly lower than expected compared with other parts of the world, owing to a number of factors, including negative attitudes of health care professionals, treatment setting, and insurance coverage.[@b6-ppa-7-1171]

A survey of physician attitudes toward the use of LAIs found that 50% had decreased their use over the past 5 years, despite acknowledging better adherence than with oral antipsychotics.[@b57-ppa-7-1171] Among the beliefs were that LAIs are less effective for first episodes of psychosis (38%) and that patients always preferred oral antipsychotics (33%). In another study, psychiatrists in the US were surveyed about nonadherence in patients with schizophrenia and their use of LAIs.[@b58-ppa-7-1171] These psychiatrists reported using LAIs in just 18% of patients for nonadherence, but LAI use was more likely among psychiatrists who had a positive attitude about managing nonadherence. Another paper studied 106 psychiatrists to determine the incremental improvement in relapse prevention required for them to prescribe LAIs over oral antipsychotics.[@b59-ppa-7-1171] Most of these psychiatrists expected the LAI formulation to be superior to oral antipsychotics, but they also viewed LAIs as unpleasant for patients and failed to appreciate the impact of poor adherence on relapse rates. In another study, psychiatrists (n=350) were surveyed about their reluctance to prescribe LAIs for schizophrenia or schizoaffective disorder.[@b60-ppa-7-1171] According to this study, physicians perceived that patient compliance with oral medication was adequate, and thus felt that use of an LAI was not necessary.

A survey of attitudes toward LAIs was conducted of patients, relatives, and psychiatrists.[@b61-ppa-7-1171] Compared with psychiatrists and relatives, patients expressed negative attitudes toward LAI formulations based on fear of loss of autonomy and concerns about pain on injection. Two-thirds of patients did not receive information about LAIs, and \<10% of psychiatrists used LAIs after a first psychotic episode. Another survey of 198 psychiatrists about their attitudes toward LAIs for first-episode psychosis revealed that limited availability of LAIs, rejection of this route of administration by the patient, and patient skepticism were the most important factors influencing decisions not to use LAIs.[@b62-ppa-7-1171]

A systematic review of attitudes by patient and health care staff toward LAIs found positive attitudes among patients already on LAIs, and positive attitudes among staff that correlated with their knowledge of LAIs.[@b63-ppa-7-1171] Heres et al studied 300 schizophrenic patients, and found that their acceptance of LAIs depended on previous experience with these drugs.[@b64-ppa-7-1171] Among those currently treated with LAIs, 73% were accepting of LAIs, while 23% of LAI-naive patients were accepting of LAIs. Walburn et al surveyed patients and nurses, and found that they generally had a positive attitude about the use of LAIs.[@b65-ppa-7-1171] The authors identified the need for better-tolerated LAIs and improved education for both patients and health care professionals to encourage wider use. A systematic review of published literature was undertaken to identify the profile of an ideal patient candidate to receive LAIs.[@b66-ppa-7-1171] The authors concluded that a therapeutic alliance should be established between the health care professional and the patient when selecting treatment.

A naturalistic study described in two papers was conducted to determine the source of initial treatment decisions for patients with schizophrenia who were at risk for nonadherence,[@b67-ppa-7-1171] and also to evaluate causes for treatment discontinuation.[@b68-ppa-7-1171] Despite awareness of a risk for nonadherence, only 10.6% of patients were switched to LAIs.[@b67-ppa-7-1171] The LAI-switch group had a history of nonadherence (32.6% vs 4.7%), recent substance abuse, poorer attitude toward medication (*P*=0.004), and poorer awareness of their illness (*P*=0.041). Over a 12-month period, 24.4% of patients discontinued antipsychotic therapy.[@b70-ppa-7-1171] A disconnect was identified between physician and patient assessment of adherence. Physicians felt that 55% of patients were at risk for an inadequate response due to nonadherence. In contrast, two-thirds of patients thought they were adherent with medication.

McCabe et al assessed the impact of the therapeutic relationship between patient and clinician on adherence to antipsychotic medication among patients with schizophrenia.[@b70-ppa-7-1171] It was found that a better relationship between patient and clinician was independently linked to improved medication adherence. The associations between patient insights into their disorder and attitudes toward medication and schizophrenia outcomes were also assessed in the CATIE trial cohort.[@b71-ppa-7-1171] Positive attitudes about antipsychotic medications were associated with significant decreases in psychopathology, improvement in community functioning, and greater medication adherence.[@b71-ppa-7-1171] Further, improved understanding by patients of their illness was as important as positive attitudes toward medication use in improving outcomes.

A cross-sectional survey of patients with schizophrenia found that side effects to antipsychotic drugs were highly prevalent, and medication nonadherence was significantly associated with the occurrence of these side effects.[@b72-ppa-7-1171] In addition, medication nonadherence was significantly associated with increased health care resource utilization. Another cross-sectional study on patient perspectives about antipsychotic medication was based on the presumption that the most important factor in nonadherence to medications was the presence of side effects.[@b73-ppa-7-1171] However, results from the study found that patient beliefs and attitudes about their disease and medication were more important for predicting self-reported adherence.[@b73-ppa-7-1171] Those with negative attitudes toward medication had lower rates of adherence. Further, prescribing an LAI as the sole intervention for nonadherence was not adequate; effective intervention required steps to modify negative attitudes.

As outlined, beliefs, perceptions, and attitudes about antipsychotic medications among both patients and health care professionals are other important contributing factors to poor adherence to prescribed medication. Efforts to improve or modify these factors may have an important impact on outcomes.

Furthermore, the studies reviewed in this section also highlight the need for better physician education on nonadherence, as research shows that clinicians greatly underestimate its presence.

Summary and conclusion
======================

A need exists to produce antipsychotic agents that are effective, safe, well tolerated, and encourage long-term adherence, so that patients can experience the full benefits of treatment. While oral antipsychotics are effective for the treatment for schizophrenia, poor adherence remains a problem. Nonadherence results in increased rates of relapse and rehospitalization, poor response and recovery, and decreased function. Thus, other options should be considered to optimize adherence, improve symptomatic response, reduce relapse rates and hospitalization, and enhance functioning. LAIs represent a valuable option for treating schizophrenia given the known improvement in adherence, and yet these formulations are largely underutilized. Factors that may play a role in such underutilization include misperceptions by clinicians and patients about their efficacy and tolerability. While patients who have used LAIs have positive attitudes about their use, increased effort is needed to overcome the objections and negative attitudes of LAI-naive patients. Newer formulations of LAIs offer the potential to provide a lower rate of local injection-site reactions, a better pharmacokinetic profile, and increased ease of dosing.[@b74-ppa-7-1171] For their part, psychiatrists need to understand better the degree to which patients are nonadherent and emphasize the benefits of LAIs to the patient. Furthermore, underutilization of LAIs for schizophrenia continues, despite recommendations from clinical guidelines for their use as a treatment option when nonadherence is a concern, for frequent and recurrent relapse, or for patient preference.[@b18-ppa-7-1171],[@b75-ppa-7-1171]--[@b80-ppa-7-1171] Outpatient LAI use may be further limited by the unavailability of personnel experienced in the administration of intramuscular formulations at most psychiatric office practices and community mental health centers.[@b81-ppa-7-1171] Increasing the use of LAIs will require education leading to the realization that the cost of having such personnel may be offset by reductions in hospital readmissions and overall better outcomes. This investment may find further support by changes in health care economics as the US and other countries shift from compensating the episodic care of the sick to rewarding those systems that dedicate resources to prevention and outcome improvement.

The significant body of evidence in recently published research reviewed in this paper suggests that LAIs offer an option for treatment that appears to improve adherence markedly, resulting in better outcomes for patients suffering from schizophrenia. Patients should be treated with antipsychotics earlier and for longer periods of time, and thus LAIs may be preferred because of better adherence. While methodological design controversy exists about the superiority of LAI versus oral antipsychotics, substantial data are available demonstrating the beneficial influence of adherence on schizophrenia outcomes.[@b17-ppa-7-1171]--[@b20-ppa-7-1171],[@b42-ppa-7-1171],[@b69-ppa-7-1171] Short of obtaining blood levels, it is very difficult to assess adherence accurately in patients on oral medication. Rehospitalization is often the first sign of therapy abandonment, so there is little opportunity to review with the patient whatever the reasons for discontinuation are before relapse occurs. In contrast, a patient who misses administration of an LAI is without doubt nonadherent. Thus, at the most basic level, LAIs are extremely helpful in alerting the clinician to the precise moment when nonadherence begins. In such cases, the treating clinician can initiate efforts to restart therapy earlier and before much clinical worsening occurs.[@b82-ppa-7-1171] It is hoped that this review provides the clinician with substantial information regarding an already-available but underutilized treatment option that can have a significant impact on the outcome of schizophrenia.
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Summary of references by topic and study description

  Outcome category                        Study                                          Study description
  --------------------------------------- ---------------------------------------------- -----------------------------
  Medication adherence                    Lindenmayer et al[@b8-ppa-7-1171]              Randomized, double-blind
  Morken et al[@b10-ppa-7-1171]           Open-label                                     
  Perkins et al[@b11-ppa-7-1171]          Randomized, double-blind                       
  Verdoux et al[@b12-ppa-7-1171]          Observational                                  
  Coldham et al[@b14-ppa-7-1171]          Observational                                  
  Cooper et al[@b16-ppa-7-1171]           Population-based                               
  Staring et al[@b20-ppa-7-1171]          Randomized                                     
  Novick et al[@b21-ppa-7-1171]           Observational                                  
  Ritchie et al[@b22-ppa-7-1171]          Open-label                                     
  Ascher-Svanum et al[@b23-ppa-7-1171]    Prospective, observational                     
  McCabe et al[@b70-ppa-7-1171]           Observational                                  
  Clinical                                Crumlish et al[@b4-ppa-7-1171]                 Prospective, longitudinal
  Leucht et al[@b5-ppa-7-1171]            Meta-analysis                                  
  Robinson et al[@b7-ppa-7-1171]          Prospective, open-label                        
  Lieberman et al[@b13-ppa-7-1171]        Randomized, double-blind                       
  Tiihonen et al[@b30-ppa-7-1171]         Prospective cohort                             
  Brnabic et al[@b32-ppa-7-1171]          Observational                                  
  Shi et al[@b33-ppa-7-1171]              Observational                                  
  Olivares et al[@b27-ppa-7-1171]         Longitudinal, observational                    
  Zhu et al[@b34-ppa-7-1171]              Prospective, open-label                        
  Rosenheck et al[@b35-ppa-7-1171]        Randomized, open-label                         
  Haddad et al[@b36-ppa-7-1171]           Systematic review                              
  Fusar-Poli et al[@b37-ppa-7-1171]       Meta-analysis of RCTs                          
  Kishimoto et al[@b38-ppa-7-1171]        Meta-analysis of RCTs                          
  Andreasen et al[@b42-ppa-7-1171]        Longitudinal, observational                    
  Kelin et al[@b67-ppa-7-1171]            Prospective, observational                     
  Kelin et al[@b68-ppa-7-1171]            Prospective, observational                     
  Early treatment with LAIs               Bartzokis et al[@b40-ppa-7-1171]               Randomized, open-label
  Bartzokis[@b41-ppa-7-1171]              Randomized, open-label                         
  Andreasen et al[@b42-ppa-7-1171]        Longitudinal, observational                    
  Taylor and Ng[@b43-ppa-7-1171]          Systematic review                              
  Ascher-Svanum et al[@b44-ppa-7-1171]    Randomized, double-blind, prospective cohort   
  Health care resource utilization        Olivares et al[@b26-ppa-7-1171]                Longitudinal, observational
  Offord et al[@b28-ppa-7-1171]           Claims database                                
  Peng et al[@b29-ppa-7-1171]             Claims database                                
  Ren et al[@b31-ppa-7-1171]              Open-label                                     
  Crivera et al[@b45-ppa-7-1171]          Observational                                  
  Taylor et al[@b46-ppa-7-1171]           Medical record review                          
  Lin et al[@b47-ppa-7-1171]              Claims database                                
  Bera et al[@b48-ppa-7-1171]             Claims database                                
  Impact on quality of life               Puschner et al[@b69-ppa-7-1171]                Randomized, open-label
  Lloyd et al[@b50-ppa-7-1171]            Observational                                  
  De Marinis et al[@b51-ppa-7-1171]       Open-label                                     
  Macfadden et al[@b52-ppa-7-1171]        Longitudinal, observational                    
  Witte et al[@b53-ppa-7-1171]            Randomized, double-blind, prospective cohort   
  Lambert et al[@b54-ppa-7-1171]          Open-label                                     
  Llorca et al[@b55-ppa-7-1171]           Open-label                                     
  Furiak et al[@b49-ppa-7-1171]           Economic model                                 
  Osborne et al[@b56-ppa-7-1171]          Time trade-off study                           
  Attitudes and perceptions toward LAIs   Mohamed et al[@b71-ppa-7-1171]                 Randomized, open-label
  Dibonaventura et al[@b72-ppa-7-1171]    Nationwide survey                              
  Patel et al[@b73-ppa-7-1171]            Cross-sectional survey                         
  Patel et al[@b57-ppa-7-1171]            Survey                                         
  West et al[@b58-ppa-7-1171]             Survey                                         
  Hamann et al[@b59-ppa-7-1171]           Survey                                         
  Heres et al[@b60-ppa-7-1171]            Survey                                         
  Jaeger and Rossler[@b61-ppa-7-1171]     Survey                                         
  Heres et al[@b62-ppa-7-1171]            Survey                                         
  Waddell and Taylor[@b63-ppa-7-1171]     Systematic review                              
  Heres et al[@b64-ppa-7-1171]            Survey                                         
  Walburn et al[@b65-ppa-7-1171]          Systematic review                              
  Velligan et al[@b81-ppa-7-1171]         Systematic review                              

**Abbreviations:** RCTs, randomized controlled trials; LAIs, long-acting injectables.
